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BULK-ORY PKOCCS@ON YOR MTA ACQUISITION

R. 0. Nelson, D. l!. Kkltillm, J. W. Suoiar, H. Heior ●nd R, V, Poor-

ABSTKAC

To wec the diverts neado ●nd data rata raquiramento at tho Van do Graaff ●id Weapons Neutron Re8earch
(WNR) facilities, ● bulk ■emery oyatam hao been implemented With include- ● faat ●nd flexibl~ proceaoor.
This bulk memory proceaoor (W) utilisao bit -lice wtd ■ icrocods tochniquefi and fgaturea ● 24 bit wide
internal ●rchitect~.r~ ●llowing direct mddreaaing of up co 16magawordn of mnory ●nd hiatogr=in~ up co
16 million counts per channel without overflow, Tho ~ is interfaced to tho HOSTEK = BOOO bulk memory
system ●nd to the otandard NODCOHP cmputor 1/0 bus. Coding for the W both ●t the ● icrocode level ●nd
with ❑ acro instructions i. oupportod. Tha ~eneralimld data scqul~~tion ●yateml hao boon ●xtended to
support the BNP in ● manner trancparenc to tha uaar.

1. INTRODUCTION

● ar physics atudieo with “white” neutron courcoc
often mtt with raquircmonto for larga data

aga. This primarily r~oulto frm tha uaa of time-
!lisht tcchniqueo for nautron ener~y memouramento
h produco many bits of information charaktt:iaing
went , Over the past dacado thie information waa
tally handled by fo~in~ histogras ntored on fast
a oince large random ●cceoa ●emorieo wero prohlbi-
Ily ●xpensive. Natur#lly, the ●vent dara rates in
I systems wero low, typically lat: than 10K ●vtnt~
second ,

mt ●dvancea in neutron detector technology (no-
,y tm dtwnaional ●rea datoctora), wre cmplom
m~mtnta, ●nd the influa of ne~ ●xporimcnts from
condenoed ■atter phyoica c~unity have increa.ed
prosaura for creator data acquisition rataa ●nd

)er hioto~rsming spaeo, Fortunately, ●dvance- in
iconductor technology have provldod the rand~
laa wmorieo capable of ●olvinc both problama ●t ●

~rdmble price, ‘k odaptacion of theoe products to
I ●cquisition io nou of wida interest,

11. IHPLEHSNTATION 0? NAKDUAKE

I impl-mting ● memory oyotem for uoa in ●aperi-
:al phynico, tho first dsal-n quootlon should
roos the possible nsed for intalli~mce in che
Ik ●emery” syatemm In ● simple hiatosr~ln~
Iroment no ouch roquircmont ●x!tta, A1ao, if
it ratao ●xcood lFI ●vonto por second, l{ttla
:ootln~ iI be poa.ible, But for the broad rauto of
Iications often found in tha phyoica laboratory, ●

procesain~ capability will find use,

second d~ai~n question should addreoa th~ sort of
:eaoor which will mmnaga the bulh ~ry end
fom the proprocosslnB, h obvious option i- to
orporate a ●icroproeocaor on ● chip. The glcro-
toator ●pproach offara primarily a reduction in th~
Ian ~ffort snd ama fltalblltty in cho cholca of
:oooor, buc oufform in procoosor cpeod. k
rrnativo ●pproach unin~ bipolar ●icroprecgocor
sos yields ~roatar opmd ●nd ●ll tha flem{bllity in
hftectura ~stiblo at tha Cmpenns of ~raator dcoi~n
ort. AC our Sroup aupporta divarso sxporimental
~r=a ●t both ● tandem Van ~la Craaff ~c~:.,ator
● npallttion neutron oourcs at tha ~apens Mautron

~arch facility (UWR), tho bit olice dooi~n ia
~rod to lnsuro both opoed ●nd flmibility,

Sinco tho bit slice proceaaor io to be used in the
CAHAC ●nviroment of our laboratories , it i. natural
to ●aloct a ●atchio~ word width of 24 bits. For
hiatogr_inS this offers ● sufficient width ●o that
overflow. can lartaly be iSnorod. Furthermore, the 24
bit width ●llowa ●tngle wrd oddreaainS of 16 Nesa-
wordo of -ry.

The ~ 2903, colocced ●a the ●rithmetic/losic unit
(ALU) for tho bulk~ry procoaaor (BNP), offers
standard ●rithmetic ●nd losic function- plus ●xtended
functions tn fscilitato ●ultiplication, dlviaion, ●lgn
●xtension, ●tc. Furthomora, tho ●rchitecture of the
2903 allowa ●spanaion or the Cereral purpooe regioter
oet beyond the internal 16 regiotcro ao that an ●apcr-
iment of mdeot cmploslty ●ay ratain conditional
sortin~ or windowin~ limito for multlparmetar data
●cqulottion ●ntiraly in tho ro~ioter oot. Theroforc,
the daaiSn ~ncIudoo ●n additional 00 #eneral retioterc
beyond those internal to tha 2903. Thirty-two con-
stants rqiotera ●re included primarily for facili-
tacin~ bit o~rationa brtn~lnS the total re~ioter
count to 12S0

For main mry the HOSTEK IU @OOOoystem la utllinod.
It offoro 120K -rda of 24 bits on ●sch card with card
cagoa of 1 or 2 Mgaword capacity. The card 10 bacod
on th~ W 4116 dyn-{c KM chip ●nd hao on board
rafreoh 10B1c. Tho mry occoas times are 2!Ona ●nd
45Dw for rod and full ●ccoaa, raapectfvoly, To
incraacc maory speoda for osquentlal ●cc~oc, odd ●nd
●van eddregmoa ● re interleaved reoultins in ●n
affoctiva cycl~ time of 3Nn0 includln~ aIl procaooor
roqueoc sod oontrol ovarh~ad, Throa sccoos modes ●re
~upportodl road (3Mrta), wit. (330ma) ●nd read/wdt-
fy/write (varlablo).

To intopfoce tho NIP to tho experiment, the procosoor
contain. a 32-bit wide 1/0 data ro~iotor fully intor-
fscod co thg HODC*P bua *ich 10 ~n turn intorfacod
to tha wpo?iwnt via CAMAC. TM control 10S1C of the
W? intorfaca eupmrto diract ~ry •cce~o so well so
ra~iotar drivmt 1/0. U@a of tho “doublo wrd” re-
Bloter slmplifloo matchtn~ tho i6-bit wido ● lni-tiom-
putor CO tho M-bit wido procoooor, Tho WDCWP
c~putor concentrates and derand~lmo tha data from
aweral CAMAC lnt~rfsced ●aporlmento cnd ●t tha option
of th~ prosr~r, way manipulate the data before
pasoi~ it ●lon~.

ThQ fl~ti of data from tha intorfaca throu~h tha BMP to
wwry ●d wtntuaily fra ~ry back to tho
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intcrfaca {o controlled via microcoda atorad in
uritablc control otor~ (WCS) orBanisad as 4096 wrdo,
SObito wid~. I%@ 00-bit fomat for thr ● icrocod~
cu?porto 6D much poraIlal procacsing capability co
?ract~cml co ●nhanca tha opsod of tho proc~tsor, ~a
MD 2910 io urod fur tho microproc~stor ooqucncor ●nd,
of couro., in itoalf drlvm by the ●lcrocodo, With
oth~r fl@lds th- microcodo dtr~ctly controls tha flow
on tho ●ain procao~or data bua ●nd varlouo Intarnal
butts, tho oourcc ●nd daotication for ALU opcrationa,
tht ALU opara?,iort, chc functiomo Pariphoral to thw ALU
p-rfomod by th~ MD 2904 (condition codo, carry-in
&nd ohift-in/~hi!t-out ●anqmonc), pro~ram eountcr
control, mamory accstasi ●nd 1/0, In Adition, e
thrm bit field opoclfiao tho tba tillocatod for ●ach
●icrostop, thue anablin~ tha mic~ocodo to bo
opcimiaad for opaod. Ttm ●rchitacturo for tho BHP lo
thoun in FiSura 1 with nphaois on tha varioua data
path-, Tabla 1 indlc~taa th~ bit fields of tho
■ icrocoda inatru?tion uacd for c~ntrol of procaooor
functions,

To facllitmta codinB in tho preprocaosor, a macrocoda
capability la includtd in tha doaign, It 1- baliavad
what for 10U count rata mparimontt (typ\calIy cmplsn
coincidanca ●mparlmntc) conaldarblo pr~procaanin~
might ba rtquir~d ●nd ●icrocoda davalopaont for thooa
●ppl{catlonc muld ba t~diouti ●nd n~cdlo-nly dlffl-
Oult . Thuo, th~ ●acrocoda implncntation BiVQO tho
pro~rntar tb~ toolo to tiich ho iB ●:cuot~ad, th~
●aahinc IanBua~c instruction sat, ~octcraI purpooo
raBlatarO and ● pro~rm counttr, TtIo pro~rrn countar
10 provldad throu~h ua~ of tho MD 2930, ● davicc

i

Tabla 1. )ticroda Word Format
{

+-
Function

Soufcc r,,li~tor taloct
7-13 Dosttnatl;n ragistar saloct

14-15 Optrand oalact
16-21 Prngr_ control unit (PCU) control ●

22-23 Ragiotar incr~~nt/docr~cnt control
M-29 Y buo daotlnat ion aolcct
26-27 Bus input dmta (BID) dcotlnation

oolact
20=29 DA Bus aourca aaloct
30-33 Candition coda control
36-37 Carry-in control
38-b5 Other atatuc/ahlft control for

AHD 2904
46-54 Arithmotir/loCic oparnt ion
39-56 For9at opt(on aoIact
57-M Rooarv@d for HODC~P intsrfacc
60 Baquaot dat~ from MOMOtP
61 Y bun nourc~ aoioct
b2-64 Procootnr data bua courco solact
65-67 Procoooor data bus dastlrtat ion noloct
60 Unuoad
69-71 Bulk samory lnttrfaco control
72-74 Hicrootop clock period aol~ct
75-79 lticropro~rm Saqucncar control

O-11* Hicroprogr_ branch addrcao
16-19* Shift control foi MD 2904
Q-23* Pro~r_abla \itgral
0-25;; Futura CAHAC Oparation control

Priority intarrupt control

F
ormat ovarlap contant dapondont
Formt ovmrlap option d~pondant



Ila 2. Typical Inntructinn Itxocution Timao

Mocution Tima (PO)

monic Instruction BW 7830**. . —

No Branch Branch ~ Branch Branch

)R
ml
RRt
)x
)m
)1
RB
M
M
‘R*
I’S*
.s
Jt
●

.x
CNs

Md ragiot~r to rqistm
Md mamory to ro~istor
Md rcgiotar to ■mroy
Md mamory tahort-indoxad) to ragiotor
Md r~~i.tor to mmory (chort-indexed)
Md memory (igodiatm) to ro~iotor
Md rogiator to ro~istor ●nd branch if nonccro
bad rotiot~r from mmory
Store rqiotar in memory
Hultiply ragistar by rqiot.r
Givida rcsiotar by rot{otor
bqical loft shift by rqiotar
Branch ●nd link
Branch ●nd link if na~ativo condition cod~ ost
Branch ●nd link (ohort-ind@xad)
Branch ●nd link (nhort-indaxod) if nogativo
condition sat
Hop unconditionally
Nop if nagatiw condition cnda oat

roducto ●nd di vi donda for the BPtP ●nd 7030 ●rc 60 ●nd 32
rimat takm frm NODCOttP CIaaOic Central Procosaor ModcI
Ilo-lhlooo-ooo.

Icitly dos{@ad for tho macro pro~rm control unit
~, ●nd the inotruetion sot throush convontiunal
>f an inatruetion ra~iotar and mapping PROM
tiquos to obtain ●ntry points into tha ■lcrocodo,
ma of ●lcrocodo for tpocific data ●cquioitlon
IOUM it ronarv~d for only them opplicationo uhich
id spaod ●nd permit simplicity.

1, 2FiPLEHE~AT10N OF FISPIUARZ MO SOFWARB

hicrocoda or fi-ara dovolopod for tha procossor
b. dividad into tw cato~orlat, basic procoacor
kiona and ●acro instruction lmplamonlation, Ihc
t procaooor functiono support front panel opora-
I such ●s progrm counter load ●nd lncrommt, ●ain
ry load and dioplay ra~iotar mmcgomnt, In
tion block trmofors to ●d fra gain ●emery and
h trmoforo of channel n~baro for hioto~rming
?upporcad at btsic fu.ctiana.

war* fc,r cho ●acro instruction implmcntation to
mnsd to amulata ●uch OC tho PIOM~P instruction
oinco the procotaor is onvioionad for us. pri-
IY wi~h HOOCOPiPcaputoro. TO dat. tin nporand
o-ain~ dso ●ra oupportod M indicated in Tablo 2
tho varloui add instruction, InOtructionO sup-

thrco basic data typanl bit, mrd md fila ~ich
1OC- of ens to oimtcon rssittaro, hrt~~or opcra-
s includin~ multiplication and divltlon oro implo-
od, but floatin~ point oporotiont tro not planned
hio tlna, With the tlamibiiity aftordod by tho
oblo control utor~ for tha ●iorocoda, ●dd~tional
ructious tqylor~d to tha paculiar downds of data
ioitiort ara ●ticipatad,

0,33
0.99
1.23
0.66
0.90
0.66
0.66
0.99
0.99
4.61
6,65
0.69+0.16N

0.66

0.33

0.33

1.32

1.32
1.32
1.23
1.23

1.23
1.32

bitt, raopoctivoly.
7830, Roforonco Nanual,

0.3
1.6
1.4
1.4
1.5
0,6
3.7
1.4
0s7
5.2
7.4
0,9+0.2N

1.4
0.7 1.4

1.2
0.3 1.2

1,6
0.9 1,6

Accaaa to tho BHP is obtainsd from tha SODCWP ctipu-



rata *or@ tho BMP is cxocuting anly microcode depends
●ntirely on the sptod of the 1/0 bue ●nd CPU overhead
for initializing the data tranefer If only the BMP
mic.’ostepe ●re considered, ● data sate of 800 KHz ie
poeeiblo, ~ ~ juremcntc where the CPU ie sending
out random ,-,,it channel numbere to be incremented,

maximuz r. es of 215 KNz ●nd 300 KHz ●re ●chieved for
the UODCOMP lV/25 and 7860, respectively. When uned
in conjunction with thr differential brench driver3,
●ctual data ratee drop due to the ●peed of the CMAC
branch CYC1O ●nd to conflict within the 1/0 proce.-
eors, The resulting maximm data rate for the 140DCOMP
IV/25 i~ 150KHz. At 125KHz the ●eeociated compoeite
deadtime i. 0.6%.

When operatins with macro inetructione i: the BHP,
come degradation of data ratee may be ●XpeCted. ?taero
instructions ~xecution times depend ler~ely upon the
speed of the mmin ●emery Whereas microcode run. from
the WCS vith 50ne ●cceee ●nd microetep cyclo “tuned”
for the shorteot execution timez poo~ible. )lowever,
the BNP design optimizeo m~cro instruction performance
Chrou#h uce of interleaved memory ●nd pipelined memory
fetches. me rasulting typical ●xccution time for ●

regieter to reBitter instruction reduces to the effec-
tive scctee time of the main memory, 330ns, Other
simple ifist.ructionc ●re generally multiples of 330nc
depending upon how many memory accesoec ●re required
for tha inetructiorr. A cnmplex instruction, like
multiply regioter by register, for example, takee ●ore
microcode ●nd cclrreapondin~ly greater time, in this
case 4.6u0. Table 2 thowe that B?4Ptmcro inztruct{on
times follow cloeely those for the BJDCOFIP 7830.
Whilo the BFIP sey not be much faeter when functioning
●e a ●mcro machine, it does so uhile leaving the sore
powerful ●inicomputer free to do other uoeful work,

v, PUTURE BNP EX’MNS1ONS

In the present implementation the BNP ●xitto ●. a
shared reeource on the HODCOIIP X/O bue eerv{n~ data
●cquisition requeots from several ●xperiments. ‘l%e
conficuratlon ic coot ●ffective oince only one BIIP {e
required for theee ●nperisentst To the ●tttent that
this configuration ●verateo the memory neede of oer-
vorai ●xperiment, ● 0avIn8s In ●emery ●ay reouit.
The chief dieadvanta~e reau)to from user interactions,
both in deadtime effect. ●nd poeoible induced craoheoi
An auxilary crate controller version of the BNP {6
planned vhich would oupport only ● oinBle ucer and
would brinB data directly from CAMC into the proce@-
sor elimirtatlnB both th~ X/O but congestion and the
user interaction, Anticipated data rctea ehould be
limlted only by the datawey cycle r~cultln~ In I ttt!~
●vent rateo, Nowever, wilh tht present TTL locic,
little proce.oin~ (if any) woula be proceeeed ●t thst
rate, ?erhapc in yot another vercion, KCL loBic could
ba applied to booot the procee~in. cepabliity,
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